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tory  at  the  Naval  Medical  Research  institute,  w‘c  have 
. found  that  the  behavioral  effects  of  drugs  change  und «, 
pressure  and  that  the  way  in  which  they  change  is  not 
from  their  surfate  characteristics. 
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“-  . . the  behavioral  effects  ofldrugs, change 
under  pressure  and  the  way.  in  which  they 
change  is  not  predictable  from  their  surface 
characteristics;'’ 


Our  work  has  focused  oh  three;areas:l).use  of  drugs 
to  provide  hyperbaric  medical  treatment  for  divers  (e.g., 
in  recb*mpres^i^.'^|}p|rit|>y,.and-f6^cpr)iBi^n^  treatmeri  t 
requiring  drugs  that  wouldiwork  effectively  arid  safely 
under  relatively  high  pressures— i.e;>  up  tol; 500,  fsw);  2) 
use  of  drugs  to  maximize  the  number  of  men  available 
for  duty  ahd^to  prevent  the  onset  of  hyperbaric  dis- 
brdersfe.gi,  asafc.effectivedrug.forsinus  problems,# 
wmething;to  pfeventmitrogen  harc6sis);-3);uhaiithdfized 
use  of  drugs  (e.g;;  scif-fnedicationj  dfug  aBusejipr  exces- 
sive consumption  of  substances  that  may  be.hafmful,. 
such  as  alcohol  or  caffeine). 

The  program  is  designed  to  comparatively  evaluate 
drug  compounds, , beginning, withistudies  involving  small' 
animals  (usually  fodents)rand  then'thoroughly  evaluating 
the  substance  in  larger  animals  (monkeys  or  dogs)  before 
testing  it  in  human  divers.  The  animals  and  humans  are 
trained  to  perform  similar  complcx  tasks;  then  they  are 
treated  with  the  drug  and  axposed  to  normafand  in- 
creased  pressure  conditions  in  a dry  hyperbaric  chamber, 
Because  there  are  thousands  of  drugs  available  on  the 
market,  we  have  selected  representative  compounds 
from  major  drug  classes  for  test’ and  evaluatipn. 

Results  of  these  evaluations  have  demonstrated  how 
widely  thereffects  of  drugs  vary  when  introduced,  to  the 
hyperbaric  environment.  Some  specific,  observat’ohs  fol- 
low (*  indicates  statements  based-.on  information  where 
human  evaluations  have  been  conducted). 

♦ Analgesics t*  Aspirin  arid  Acetaminophen  (Tylenol) 
have  been  tested  at  depths  to  180  fsw,  and  even  mod- 


prately,:h(gh;doses  (3-4  tablets)  have  not  produced  behav- 
jpfai.phph^siojpgjcaihprpblejtis.. 

• AnWistamjnes.*  (Benadryl)  At  prescribed  doses 
we  haye  consistently  observed  decreased  performance,, 
mental-clpudirig,aridreducediine-motor.  coordination. 

••  Decongestants,  ,(Sudafed)Behaviofaleffectsofde- 
cpngtistants  under  pressure  are  not  as  toxic  asithose 
observed  with, the  antjhistamifjesi  although  we  have  seen 
sOme.slowjng.ofjudgmentrand  coordination.  In  addition,. 

researchers.an.iclinicians  suggest  thatdeepngestants  may 

predispose  diversto  cardiac-arrhythmias, 

.•  Depressants.  Pentobarbital  and  alcohol  have  been 
evaluated,  and  the  effects  did  not  ;appear;to;get  worse 
urider-pressure.  However,  alcohol- intoxication, :which 
can  cause  nausea  or  vomiting,  would  certainly  be  a prob- 
lem  for  the  diver; 

■•■  diuretics,  No  behavioral  effects  have  been  ob- 
served at  normal  doses, 

• Hallucinogens.  Delta-9-tcirahydrocanhabinoi 
(THCjj  .the  active ; ingredient  in-marijuana, .was.evalhated' 
in  animals;  The, effects  of  marijuana,  which  interferes 
with  cognitive processing  and  neuromuscular  control,  get 
-worse  under  pressure, ?arid  these  effects  are  magnified  as 
the  partial  pressure  of  oxygen  increases. 

• Motion  Sickness  /?em'’0'/es,  Dramamine,1',  an  anti- 
histamine-type  motion-sickness  preparation, ,which;is 
actually  a combination  of  antihistamine  and  stimulant, 
does  npt.appcar  toproduceany  sighificant.behayioral- 
-problems  at  depths  to  1 80  fsw. 

• Stimulants.  Dexedrine,  Methcdrine,  and  the  anti- 
depressant Monoaminc-oxidase-inhibitors  interact  with 
: pressure  conditions  to. interfere  with  judgrnent.arid' 

muscle  coordination  at  depths, as  shallow  as  50  fsw.  ... 
These  drugs  also  may  have  undesirable  cardiovascular 
effects. 

• Tranquilizers,  Chlorpromazinc,  Librium,  and 

Valiurii  caused  changes.jri  the  dose-response  curves  from 
animal  subjects  when  these  compourids  were  evaluated 
under  pressure.  The  magnitude  of  the  effect  was  dose- 
and  pressure-dependent.  Iri  addition,  although  we  have 
no  data  for  humans,  lack  of  alertness  or  overconfidence 
resulting  front  tranquilizers  would  certainly  be  trouble- 
some at  100  fsw.  * * 


“The  effects  of  marijuana. . . get  worse  under 
pressure,  arid  these  effects  are  magnified  as 
the  partial  pressure  of  oxygen  Increases." 


Now,. these  findings  need  qualification: 

1;  Although  the  studies  were  carried  out  under  care- 
fully controlled  laboratory  conditions,  they  were  not 
done  in  the  Water,  and  the  addition  of- that  factor  and  its 
associated  variables  (e.g.,  cold,  anxiety,  fatigue)  certainly 
could  alter  fhe  effect  of  drugs. 


Performance  test  subject  MMl(DV)  Chuck  Bonner  (right)  and 
GMG2(DV)  Don  Sayre  at  console  of  NMRI’s  hyperbaric  test 
facility. 


2.  As  you've  seen,  we  have  noi  completed  all  of  the 
evaluations  with  humans.  Some  of  the  conclusions  arc 
based  on  animal  research,  and,  therefore,  direct  infer- 
ences about  humans  must  be  made  with  caution. 

In  summary,  there  are  three  important  facts  that  you 
should  remember  when  you  plan  a dive:  I)  Changes  in 
your  body  chemistry  occur  while  diving;  2)  many  vari- 
ables affecting  drug  action  can  come  into  play  during  a 
dive;  and  3)  the  interaction  of  these  facts  (1  and  2)  cause 
drugs  to  change  unprcdiclably. 

Recommendations 

• It  would  be  wise  to  avoid  all  drugs  while  diving. 

• Remember  that  over-the-counter  preparations 
can  be  as  toxic  as  prescription  or  abused  drugs. 

• If  you  must  dive  unc.r  medication,  be  in- 
formed. Get  full  informa,  on  from  your  diving 
medical  officer,  realize  th. , even  the  most 
benign  compound  may  be.-  omc  behaviorally 
toxic  under  pressure,  and  owe  with  extreme 
caution. 


I ABU  I 

part iai  t.isroi  variables  iiiai  can  ai  i lci 

DRUG  DISPOSIICN  IN  A DIVI  R 


EXTERNAL 
Breathing  gas 
Current 
Diet 

Pressure  (depth) 

Pressure  \ gas  inter actiun 
Nitrogen  narcosis 
Oxygen  toxiciiy 
CO.-  intoxication 
Visibility 

Watei  temperature 


INHRNAl 

Age 

Allergy 

Anxiety/painc 

Cardiovascular  function 

Circadian  rhythm 

Disease-  stale 

<>l  function 

Inleclion/feser 

Pregnancy 

Weiglu 


PUARMACOI.OGICAL 
Acute  vs.  chronic 
Adntinrsliaiion  route 
Bioavailao'lrty 
Dose 

I xcrc'lioo 
Metabolism 

Pres.-iHc  of  olticr  diugs 

I olerance 

Vehicle 


